Abstract. The extraction and concentration of biomineralized components from sediment or living materials is time consuming and laborious and often involves steps that remove either the calcareous or siliceous part, in addition to organic matter. However, a relatively quick and easy method using a commercial cleaning fluid for kitchen drains, sometimes combined with a kerosene soaking step, can produce remarkable results. In this study, the method is applied to sediments and living materials bearing calcareous (e.g., coccoliths, foraminiferal tests, holothurian ossicles, ichthyoliths, and fish otoliths) and siliceous (e.g., diatom valves, silicoflagellate skeletons, and sponge spicules) components. The method preserves both components in the same sample, without etching or partial dissolution, but is not applicable to unmineralized components such as dinoflagellate thecae, tintinnid loricae, pollen, or plant fragments.
Introduction
Extracting and cleaning microfossils from sediments or mineralized components from living materials is often labor intensive and time consuming, and microscopic observation at each step is sometimes impractical, or in the case of dangerous chemicals, not advisable. Science often requires speed or efficient recovery, but usually it is difficult to combine both in a single method. Hence, a variety of methods have been developed to satisfy one or the other requirement. These include the use of sodium sulfate, sodium hydroxide, boron, hydrochloric acid, zinc chloride, hydrogen fluoride, hydrogen peroxide, acetone, ethanol, liquid nitrogen, potassium permanganate, hot water, and naphtha (e.g., Franke, 1922; Bourdon, 1962; Nishida, 1969; Hanken, 1979; Faegri et al., 1989; Shiono and Jordan, 1995; Lirer, 2000; Nielsen and Jakobsen, 2004; Abrantes et al., 2005; Remin et al., 2012; Jarochowska et al., 2013; Ikeya and Chinzei, 2007; Oda and Sato, 2013) . Some extraction methods may require particular pieces of equipment, e.g., a sand bath, water bath, ultrasonic bath, dry oven, refrigerator, stirrer, settling chamber, or centrifuge. In addition, some chemicals require registration and complicated safety protocols and may be expensive to purchase and/or discard. Many methods require days or a week to complete the processing, whereby the sample solution needs time to settle in between decanting and washing steps. For instance, the potassium permanganate and hydrochloric acid method used by Shiono and Jordan (1995) for diatom preparation may take days to complete, while the nonacidic treatment method of Jarochowska et al. (2013) requires over 10 days. Potassium permanganate is known as a regulated pollutant, anti-infective medicine for dermatological problems (World Health Organization, 2015) , and as a category 1 oxidizing substance (Fire Service Act in Japan, 2008). If possible, chemical processing should avoid these hazardous chemicals. Of course, the hydrochloric acid step in Shiono and Jordan (1995) or hydrogen peroxide cleaning step by Abrantes et al. (2005) dissolves the calcium carbonate component, e.g., coccoliths, holothurian ossicles, pteropod shells, and foraminiferal tests. Conversely, palynologists often use hydrogen fluoride when they wish to get rid of Published by Copernicus Publications on behalf of The Micropalaeontological Society.
250
H. Tsutsui and R. W. Jordan: Modified cleaning method for biomineralized components biogenic silica (e.g., radiolarians, diatoms, sponge spicules) in their samples, although hydrogen fluoride is known to dissolve both crystalline and amorphous silica (Liang and Readey, 1987) . Nishida (1969) has already documented a separation and enrichment method for coccoliths and silicoflagellates in the Houjyuji diatomites of Noto Peninsula, Japan, using a centrifuge and showed that no damage occurred to the calcareous nannofossils using this sodium hypochlorite extraction method. Nagumo (1995) reported a preparation method for diatoms using a kitchen drain cleaning fluid (Pipe Unish produced by SC Johnson). This method dissolves the conjugated proteins of diatoms and can reduce and easily control the cleaning process time without any special chemicals (Nagumo, 1995) . Similarly, Yoshida et al. (2006) extracted holothurian ossicles using a household bleaching agent (Haiter produced by Kao), which contains sodium hydroxide, sodium hypochlorite, and a polyoxyethylene alkyl ether sulfate sodium salt. Sodium hydroxide dissolves the proteins in the holothurian skin.
Oda and Sato (2013) summarized a useful extraction method for siliceous (e.g., radiolarians, diatoms) and calcareous (e.g., coccoliths, foraminifers) microfossils in sediments using sodium sulfate with naphtha. The advantage of this method is the rapid separation of the microfossils from the sediments. However, naphtha is difficult to purchase because it is registered as a category 4, class 1 oil in hazardous materials under the Fire Service Act in Japan (2008). Also, this method has some possibility of damaging the coccoliths during the cooling tension of sodium sulfate.
In summary, these three methods (Nishida, 1969; Nagumo, 1995; Yoshida et al., 2006; see Fig. 1 ), as well as the one using acetic acid (Jarochowska et al., 2013) , are useful for the preliminary extraction of the sample from the sediment.
Therefore, in this study, the methods of Nishida (1969) and Nagumo (1995) were modified and improved in order to (1) provide a faster, easier, and simpler process; (2) reduce the quantity of chemicals needed for extraction and avoid the use of hazardous chemicals; and (3) reduce the damage to calcareous microfossils (e.g., coccoliths) during the chemical extraction.
Materials and methods

Materials
In this study, a wide range of materials were collected from various places, including diatom-bearing sediments (Supplement Fig (Fig. S1d) , and marine lake sediments (Fig. S1e) . A diatomite sample of early Eocene age from Mors, Denmark (e.g., Chambers et al., 2003; Collins et al., 2005; Jørgensen et al., 2005) , and a diatom-bearing sample of late EoceneOligocene age from Oamaru, New Zealand (e.g., Lee et al., 1997; Novitski and Kociolek, 2005) , were obtained from outcrops. Of the living holothurians from nearshore environments, one was collected from Peyrefite Bay in France, others were from Yaese-cho, Shimajiri, and Taketomi Island in Okinawa; Guam; or Bohol in the Philippines. The samples from the French coast and from Bohol were dried in natural sunlight, while those from Okinawa and Guam were soaked in 95 % ethyl alcohol. The sailfin sandfish (Arctoscopus japonicus) were caught in two places: off Shonai, Yamagata, and Karo, Tottori, Japan. The marine lake sediments from Jellyfish Lake (JFL) on Mecherchar Island (also known as Eil Malk Island) in the Republic of Palau were obtained by a diver from < 10 m water depth in October 2001 (Kawagata et al., 2005a, b) . The East China Sea sediment was obtained in August 2016 during the NS16-442 cruise of the T/S Nagasaki Maru.
Extraction method
The method for extracting calcareous and siliceous components from diatom-bearing outcrop sediments, a calcareous layer from a marine lake core, and living materials is basically the same, although in the case of the latter, the kerosene step (2) is omitted. Kerosene is used to infiltrate the gaps inside diatomite or other older sediments; however, most modern sediment samples are still wet, so the kerosene step is not appropriate because kerosene is immiscible in water. The method described below can be seen in the flow chart presented in Fig. 1. 1. Approximately 1 g of sample is placed in a 50 cc screwcap centrifuge tube (as it is easier to concentrate the material at the bottom of the tube) and the material is allowed to dry at 50 • C for about 2 h. If the sediment or sample is still hard, it is recommended to crush it using a mortar and pestle (e.g., Nishida, 1969) .
2. An equal volume of kerosene is then added and allowed to soak into the sample for about 2 h. The kerosene is then removed and can be recycled if the kerosene is filtered using a 0.2 µm pore size filter paper. Figure 1 . Illustration of the extraction methods by Nagumo (1995) , Nishida (1969) , Oda and Sato (2013) , and this study.
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5. After the particles have settled to the bottom of the centrifuge tube, the clear fluid at the top of the tube can be discarded and replaced by the same volume of distilled water. This washing step is repeated a minimum of five times. The whole process is finished when no more bubbles appear after shaking the tube. Sometimes the supernatant develops very slowly; thus, it may be necessary to use a centrifuge to reduce the working time.
The pellet at the bottom of the centrifuge tube may include both calcareous and siliceous components, as well as clay minerals and volcanic ash particles. However, centrifugation is often the best way to remove clays (Lentfer and Boyd, 1999) , although use of detergents is another wellknown method (e.g., sodium pyrophosphate in Bates et al., 1978) -here, both centrifugation and detergent (a constituent of Look Pipeman) are used. If the extraction process goes smoothly, then the total time for this procedure is about 5-12 h. Living materials can be extracted much more quickly (i.e., no kerosene step) and sometimes a smaller amount of sample can be used. For instance, if < 0.2 g of holothurian skin is placed in the centrifuge tube, the mean extraction time will be < 1 min. However, in general, it takes a minimum of 5 min to a maximum of 1 day.
Sample observation
After the extraction, permanent mounts using Mountmedia (Wako Pure Chemical Industries, Ltd.) or temporary mounts using microscopic immersion oil (IMMOIL-50CC, Olympus) were prepared and the samples were checked with a phase contrast objective lens on an Olympus BX40 light microscope, and photographed using an NY-1S relay lens (Micronet, Co., Ltd.) and a Canon EOS Kiss X6i camera. When necessary, samples were also observed in a JEOL JSM-6510LV scanning electron microscope (SEM).
Results
Observations on treated and untreated fossil materials
Plate S1 in the Supplement shows the condition of the untreated samples in water; see Pl. S1, figs. 1a-b and 2a-b for the results from the diatom-bearing sediments of Mors and Oamaru, respectively, and fig. 3a -b for the JFL sediments. The treated material from the Mors diatomite (see Pl. 1, fig. 1 , and figs. 2 and 3 for open and polarized light micrographs, respectively) revealed the presence of both calcareous (coccoliths) and siliceous (diatom and silicoflagellate fragments) microfossils, while the treated material from the diatom-bearing sediment from Oamaru (see Pl. 1, fig. 4 ) possessed diatoms and silicoflagellates. The microfossils in the JFL sediment are shown in Pl. 1, figs. 5-8: several foraminifera (Pl. 1, figs. 5-6), an ichthyolith (Pl. 1, fig. 7) , and an unidentified calcareous microfossil, probably a juvenile foraminifer (Pl. 1, fig. 8 ).
Extraction from living material
The diatoms in Pl. 1, figs. 9-16, taken with a SEM, were extracted from the intestine of the holothurian Holothuria atra from Okinawa. In addition, the diatoms from Pl. 2, figs. 1-3 were found in the intestine of the holothurian H. forskali from the Mediterranean Sea. The coccoliths from Pl. 2, figs. 4-10 were also found in the H. atra intestine. Otoliths of the sailfin sandfish (Arctoscopus japonicus), caught off the Shonai and Karo coasts, are shown in Pl. 2, fig. 11a b, respectively. Plate 2, figs. 12-17 are modern holothurian ossicles, sampled from Bohol, the Mediterranean Sea, and Guam. The mineralized components shown in Pl. 2, figs. 18-22 were found in the intestine of the holothurian H. forskali, and include silicoflagellates (Pl. 2, figs. 18-19) and sponge spicules (Pl. 2, .
Plate S2 shows the step-by-step situation during the washing process of East China Sea sediment (Pl. S2, figs. 1a-f) and Holothuria leucospilota ossicles from an animal collected at Taketomi Island (Pl. S2, fig. 2a-f) . Plate S2 also includes the photomicrographs taken of the discarded supernatant part (Pl. S2, fig. 1b -e for the sediment and Pl. S2, fig. 2b -e for the ossicles) and the remaining pellet (Pl. S2, fig. 1f for the sediment and Pl. S2, fig. 2f for the ossicles). The supernatant did not contain any microfossils or ossicles. This is likely due to the difference in specific weight between the kitchen drain cleaner and the microfossils and ossicles, with the kitchen drain cleaner being the lighter one. In the case of the sediment, the supernatant part can be seen in Pl. S2, fig. 1c -e, first reaching the > 20 mL mark (Pl. S2, fig. 1c ) and finally the > 30 mL mark (Pl. S2, fig. 1e ) of the centrifuge tube. Plate S2, fig. 1e represents a time close to the termination of the washing process. In the case of the holothurian, the skin is removed during the washing process between the stages shown in Pl. S2, fig. 2c and d after termination of the bubbling. Figure 1 shows the differences between the methods of Nishida (1969) , Nagumo (1995) , Oda and Sato (2013) , and this study. However, none of them are useful for extracting microfossils from hard rocks (e.g., dolomite, chert, shale), which require other methods. This pipe cleaner method has already been tested using the JFL sediment and sediment that includes land plant debris, with the dissolution of the latter or other organics proceeding very smoothly. The improved extraction method outlined herein will be useful for the rapid processing of a wide range of materials, both living and fossil. It involves two main chemicals, kerosene and kitchen drain cleaner fluid, both of which are cheap, easy to obtain, and easy to discard afterwards. Kerosene, used here as a substitute for naphtha in the Oda and Sato method (2013) , is a familiar fuel oil for room heaters or hot water supply systems in Japan, while the kitchen drain cleaning fluid can be bought at a reasonable cost at supermarkets, drug stores, or do-ityourself or daily grocery shops in Japan. Similar nonacidic products are also available in other countries. However, if acidic products are used the calcareous microfossils including coccoliths will be dissolved, so care must be taken when choosing the kitchen drain cleaner fluid.
Discussion
Conclusions
1. The improved method using kerosene and/or kitchen drain cleaner liquid is a useful procedure for studying biogenic siliceous and calcareous materials (e.g., coccoliths, silicoflagellates, diatoms, sponge spicules, holothurian ossicles, foraminifers, and fish otoliths) in various types of sample.
2. The advantage of this method is that both the calcareous and siliceous components can be cleaned up at the same time, without noticeable dissolution or etching.
